Over 750 spikes of precipitating electrons with E _• 425 key were observed aboard the low-altitude polar orbiter Ogo 4 between July 30, 1967, and December 31, 1967. The spikes may be divided into three distinct populations depending on whether they occur at latitudes below, at, or above the local limit of trapping. These spikes are designated type 1, 2, and 3, respectively. Type 3 spikes occur in a narrow latitude band about 3 ø wide, centered at invariant latitude A • 78 ø at 1000 MLT (magnetic local time) and 68 ø at 2000 MLT. Their relative frequency of occurrence, intensity, and hardness do not depend significantly on magnetic local time. Type 3 spikes appear to be associated with spikes observed near the magnetopause and the neutral sheet. Type 2 spikes also occur in a latitude band about 3 ø wide, centered at about 71 ø at 1000 MLT and 67 ø at 2200 MLT. Their frequency of occurrence is highly dependent on magnetic local time, a large maximum occurring near 2300 and very few events occurring between 0600 and 1200 MLT. Type 2 spikes appear to be related to island fluxes in the neutral sheet, although they occur on closed field lines and may persist for many hours. Type I spikes occur in a wider band of latitudes, from about 62 ø to 68 ø near midnight and 66 ø to 68 ø near noon. The local-time dependence of their frequency of occurrence is similar to that of type 2 spikes but less pronounced. Although they are observed on closed field lines, type I spikes do not persist for periods longer than about I hour, and we conclude that they are produced by strong pitch-angle scattering from the stably trapped population. The average spectral index (assuming a power-law spectrum) is 3 to 5, and the median flux (•425 key) is about 150 el cm-' see -• ster -•, although type 2 events near midnight tend to be larger and harder. All types tend to be more intense and to occur at lower latitudes when Kp is large.
ana those observed by Ho,f•man and Evans [1968] in the energy range 0.7 _• E6 _• 24 key. Likewise, the phenomena observed here differ significantly from those reported by McDiarmid and Burrows [1965] for E6 _• 40 key. However, at least part of our observations may be related to those of Fritz and Gurnett [1965] for E• •_ 10 key. We will examine the relationships among these observations, especially with respect to various possible source mechanisms.
DESCRIPTION O,F EXPERIMENT
The Ogo 4 spacecraft was launched into a low-altitude polar orbit on July 28, 1967. Initial orbit parameters were' apogee 908 km, perigee 412 km, inclination 86 ø, period 98 min. The spacecraft was oriented so that the University of Chicago/California Institute of Technology vertical particle telescope (experiment D-08) faced radially away from the earth. The experiment also included a horizontal detector that was insensitive to electrons and that will not be discussed here.
A cross section of the vertical telescope is shown in Figure 1 . The detector system is described in detail by Evans et al. [1970] . The opening half-angle of 30 ø, combined with lhe radial orientation of the symmetry axis, ensures that the telescope is responding primarily to precipitating particles at invariant latitudes A • 45 ø. Mirroring particles will be detected at these latitudes only if they scatter from the telescope wall. Table I indicates the response of the telescope to various particle types. The upper cutoff energies in each instance are set by the anticoincidence scintillator D3. The rates indicated in Table I A simulation of the detector system was exposed to electrons from a /? source. Monoenergetic electrons were selected by means of a magnetic spectrometer. The true flux of particles at each energy was measured by using a thick total-E detector. The outputs of the telescope detectors were pulse-height analyzed, and the detection efficiency was determined as a function These functions were approximated by piecewise power-law fits over various energy intervals and were folded with various assumed power-law energy spectra to obtain expected counting rates in each detector as functions of the incident electron spectrum. The same process was carried out for various assumed exponential spectra by using exponential fits to the effective geometrical factors. By using these computations it is possible to obtain a limited amount of spectral informa- those below suggest that there may be severa! trapping boundary was determined from the distinct populations of spikes and that each D8 rate, since this rate had a finer resolution should be examined separately. We divided and thus usually showed the most detail. The the spikes we observed into three types, ac-boundary was defined as the point at which cording to whether they occur below, at, or the D8 rate reached the polar plateau level above the outer-zone boundary determined for if there was no spike obscuring that point. If each pass. These types wiI1 be referred to as a spike was overlapping the point where the type 1, 2, and 3, respectively. In addition, boundary seemed to be, that spike was des]ga subdivision was made of the type 2 spikes nated type 2. Since this method requires visual on the basis of their appearance on the rate inspection and some subjective decision, there plots. Some of the spikes show a very sharp is some ambiguity in severa! instances, and it boundary on the poleward side, and these is possible that a few of the spikes have been spikes are designated as type 2A. Spikes of assigned to the wrong population. This amthis type were observed only at the trapping biguity has not caused any obvious difficulties, boundary. Examples of each type are shown but it should be remembered when examining in that a significant effect was indeed present. One such plot is shown in Figure 7 . Since the data were broken down into so many bins, statistics became poor and justified nothing more than a straight-line fit to the A-Kp dependence in each bin. A linear regression analysis was performed on the data in each bin, and the results are shown in Table 3 . By using these results with some smoothing, it is possible to define a new latitude, A', which is the latitude of occurrence of a spike corrected by 0.15 to make the comparison. This calculation gives about a 5% peak occurrence probability near local midnight, which compares well with the value of---4% reported by those authors. We also get qualitative agreement with their latitude and Kp dependences. Although the absolute numbers depend strongly on the assumed spectrum, this procedure shows that it is not unreasonable to assume that the spikes we observe at energies above 425 kev are simply manifestations of the high-energy tails of large events observed at much lower energies.
The normalized dependence of spike occurrence on Kp is shown in Figure 11 . Here the correction for nonuniform sampling is even more important, since there are very few passes at high Kp. As might be expected, spikes are observed more frequently at times of high Kp, the exception being spikes of type 2A, which appear to show the opposite behavior.
DIS½tlSSlON
The most striking feature of the data presented here is that the spikes can be grouped into several distinct populations with widely different characteristics. This grouping emphasizes the organizing power of various physical parameters, allowing more reliable and accurate descriptions of the phenomena and possible source mechanisms. We assume that there are only three possible sources for spikes observed at low altitudes: (1) local acceleration on lines of force connected to the region of observation, (2) scattering from the stably trapped population, and (3) transport from various regions of the outer magnetosphere, possibly accompanied by acceleration. These sources will be discussed in relation to each spike type.
Type 1 spikes have several characteristics that point to their most likely source: (1) by definition, they occur at latitudes below the trapping limit, and thus they are on closed field lines and able to exhibit trapped or pseudotrapped behavior; (2) they are not observed to persist on successive orbits, this finding indicating lifetimes less than about 100 min; and (3) their intensities are not much larger than those of outer-zone trapped electrons. These observations are consistent with local acceleration or pitch-angle scattering from the stably trapped population into the loss cone. Although we are not able to distinguish between these alternatives on the basis of the data presented here, the second possibility appears far more attractive. Strong pitch-angle scattering is fairly well understood [Kennel and Petschek, 1966] , although the details for impulsive events at the energies we observe have not been discussed explicitly. It is unlikely that the trapped 425-kev electron flux is near the point of self-excitation of the Kennel and Petschek mechanism, but scattering at this energy might be caused by interactions with waves generated by lowerenergy particles. Local acceleration to relativistic energies would seem less likely.
Type 3 spikes present a totally different picture. Their latitude and local-time dependence strongly suggests that they are occurring near the 'last' closed field line at every local time. This suggestion then would mean that they occur on lines that approach the magnetopause or the neutral sheet, depending on the local time at the foot. The peak in occurrence just east of local noon (see Figure 10) This work was performed under co.ntract NAS5-3095 and grants NGL 05-0024)07 and NGR 05-
